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The amount of air entrained in the flow along a hydraulic structure constitutes an important design 
criterion for hydraulic structures like a stepped spillway. Air entrained in the water flow will change 
the properties of the flow and will influence the performance of the hydraulic structure. It might be an 
advantage to be able to predict the amount of air entrained in the flow, both to optimise the structure 
regarding safety and performance. Traditionally, numerical modelling of free-surface air-water flows 
have been treated by interface capturing methods, like level set and volume of fluid (VoF). 
Nevertheless, when the turbulence is high enough in free-surface flow, air will be entrained in the 
water phase and transported with the water flow. The scales involved in the air entrainment process 
are in the range of millimetres. This means that a very fine grid is needed to capture these processes. 
When the grid is not fine enough, the processes at the surface will not be captured, and the amount of 
air within the water phase will be underestimated. One research path to model air entrainment based 
on interface capturing methods is to introduce a sub grid model to introduce air into the water phase 
at relevant locations. An early attempt following this road was done by Hirt (2003). In this air 
entrainment model, air is entrained in the flow based on whether the stabilising forces of gravity and 
surface force are overcome by the perturbing forces of turbulence. This model was reported to 
correctly identify when air is to be incorporated to the flow for a stepped spillway (Valero & Bung, 
2015). Another attempt in this direction was done by Lopes, Leandro, and Carvalho (2017). In this 
model an extra advection equation for the dispersed air phase was added to the algorithm. In this 
equation, a source term was added to account for the air entrainment. In the current work the air 
entrainment model by Lopes et al. (2017) is updated to OpenFOAM version 5.0, and applied to a 
stepped spillway. The source term developed by Hirt (2003) is added to the model as a user choice. 
Results of applying the different source term frameworks are compared to each other, and to 
experimental data. The results show that the air entrainment models are able to reproduce the 
inception point and surface elevation reasonably good. 
 
Figure 1: Air entrainment in a stepped spillway. 
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